The concentrations of Cu and Zn were measured in shoots of plants Phragmites australis (Cav.) Trin ex Steud., Typha latifolia L. and Typha angustifolia L. at four locations in the area Bardača (Necik -neglected fishpond, Lug -fishpond used for recreation activities, Sinjak -active fishpond and Matura -river connected to some of the fishponds). In all these types of water bodies, Zn and Cu concentrations were the highest in young plants (May-June) and then declined until the end of the season, especially in September. Phragmites australis has accumulated higher amounts of Zn than Typha latifolia and Typha angustifolia, whereas for Cu the difference between species was not so clear. In relation to the site, the largest concentrations of Zn and Cu were recorded in plants from the sites Sinjak and Matura, followed by Necik and Lug respectively. Such site specific differences are related to specific ecological conditions at each habitat.
INTRODUCTION
Aquatic macrophytes are essential components of each aquatic freshwater ecosystem, with a number of important functional roles [Elis et al., 1994; Stojanović et al., 1994; Janković et al., 1988; DeBusk et al., 2001; Wetzel 2001; Stanković et al., 2009] . Aquatic plants can accumulate high amounts of heavy metals in some tissues, reaching up to 10-10 6 times higher concentrations than in the surrounding water or sediment. Bioaccumulation of heavy metals depends on plant species, plant organ and a number of abiotic parameters [Boyd 1970; St-Cyr et al., 1994; Pajević et al., 2008; Maksimović 2007; Grisey et al., 2012] . In biological monitoring of aquatic ecosystems aquatic macrophytes are important indicators providing further insight into the habitat status. Analyses of variations in aquatic vegetation composition and quality provide reliable information regarding the quality of water, sediment and coastal area of the water body [Tremp and Kohler 1995; Melzer 1999; Madsen et al., 2001] .
Water Framework Directive [European Union 2000] defines the necessity of use and application of biological indicators for more precise determination of ecological status, clasiffication and monitoring of surface and underground waters [Stelzer et al., 2003] .
Heavy metals, Zn and Cu included, are increasingly becoming a global environmental pollution issue. Species Phragmites australis, Typha latifolia and Typha angustifolia had proven to be dominant species in many aquatic freshwater habitats. These species can serve as secondary sources of food to some animal species for which they also represent important microhabitats. They also have an economical value because of their potential use as construction materials or thermal energy sources. In recent decades, these species have frequently been analysed and used for thorough scientific monitoring as indicators of environmental pollution or as phytoremediators [De Busk et al., 2001; Fedice and Etdet 2002; Chandra and Yadav 2011; Grisey et al., 2012; Uka et al., 2013] .
Previous analyses of mineral composition in Phragmites australis, Typha latifolia and Typha angustifolia in the area of marshy complex of Bardača (Republic of Srpska, Bosnia and Herzegovina) showed high variations in accumulation of different macro and microelements during the season, depending on the location of the sampled plant material in the habitat [Maksimović and Stanković 2005; Maksimović 2007 ]. Continuing these investigations, this paper gives further insight into the ecological status of the area analysing Zn and Cu accumulation during the vegetational season at different locations, for the three above-mentioned species of water vascular plants. The aim of this study was to discern significant variations in heavy metal content during the season in order to give more precise assesment of the bioindicative role and remediaton potential of these three species.
MATERIALS AND METHODS
Swamp ecosystem Bardača is located in the north east part of Lijevča polja, sorrounded by several rivers (Sava, Brzaja, Vrbas, Matura) and one canal (Osorna-Borna-Ljevčanica). The elevation of the area is arround 100 meters above see level, at the foot of Motajica mountain, in the center of moderate climate belt (45 o 08 ' north latitude and 17 o 25 ' east latitude).
The research was conducted at the following points in the area: 1) Necik (it used to be a fishpond complex, but is neglected today; surface arround 40 hectares; average depth 110 cm), 2) Dugopoljski Lug (a fishpond pool used mostly for recreation and sport fishing, located on the west side of the canal Stublaja from which it receives water; surface 60 hectares; average depth 160 cm), 3) Sinjak (it used to be abandoned, but today it is an active fishpond located eastward from the Summer pool; surface 40 hectares; average depth 180 cm), 4) Matura (the river that originates from the spring at the locality Razboj and flows into the Sava River near the fishpond Bardača; its water is used for some of the fishponds in the area).
On each of the four described points in the Bardača area, shoot samples (leaves and stems) of three species were collected during the vegetational season: common reed (Phragmites australis (Cav.) Trin. ex Steud.), broadleaf cattail (Typha latifolia L.) and narrowleaf cattail (Typha angustifolia L.). After initial drying, plant material was mixed and heated with H 2 O 2 , followed by heating at 450 ºC and treatment with 25% HCl. Conentrations of Cu and Zn in prepared solutions were determined by employing atomic apsorption spectrophotometry (Varian, AAS240FS). All analyses were performed in three independent technical replications. Obtained results were processed by ANOVA variance analyses, followed by Duncan Multiple Range Test. Average values followed by the same letter are not significantly different for p<0.05.
RESULTS AND DISCUSSION
The highest Zn content, in all three analysed species, is determined at the beginning of the vegetation season (May-June), followed by a decrease during the second part of the season, with lowest values determined in September (Tables 1-3 ). In general, such results are in accordance with previously published results regarding macro and micro elements at the same locality in the same plants [Maksimović and Stanković 2005; Maksimović 2007 ] and with results published by Grisey et al [2012] . Such results indicate higher rate of plants metabolic activity in the first part of the vegetation season (May and June), and in some cases during the mid summer month of July (and August in just a few localities), resulting in stronger uptake rate and correlated heavy metal accumulation. According to many researchers, the peak of the macro-phyte vegetational growth in similar aquatic habitats is mid summer, starting early in March [Karunaratne et al., 2003; Windham et al., 2003; Sollie and Verhoven 2008; Quan et al., 2007] . Eid et al. [2012] also determined that the Typha dominigensis shoot content of most nutrients and heavy metals (Zn and Cu included) increased rapidly in the early parts of the vegetation season, reaching maximal values in July and then decreased again. It seems that early development of stems and leaves at the beginning of the season, determines higher nutrient mobility in the aboveground translocation system, resulting in high nutrient activation and translocation from the rhizome to upper plant parts. In the second part of the growing season, concentration of nutrients, along with heavy metals, can gradually decrease, also as the result of "dilution effect", by which mineral elements are diluted in the large stem and leaves biomass. Most of the shoot biomass is being formed in the April-July period, and shoot growth significantly decreases in August. Also, as the end of the season approaches, transfer of some elements from leaves to rhizome slowly starts to increase, leading to general accumulation of organic matter in the rhizome, providing essential amounts of nutrients for the new growth in the following year [Zhao et al., 2013] . Senescence process attributes to decrease in nutrients and heavy metal concentrations in the plant shoot at the end of the vegetation season. Values followed by different letters in a same column were significantly different at p<0.05 Values followed by different letters in a same column were significantly different at p<0.05 Some significant differences were determined between analysed species and localities. Zn content in Phragmites australis (Table 1) , at locality Sinjak, was higher in relation to other localities. However, the same relation was not indicated for Zn accumulation in Typha latifolia and Typha angustifolia (Tables  2 and 3 ). The highest Zn uptake and accumulation level was determined in Phragmites australis, followed by Typha latifolia and than Typha angustifolia. Similar differences between Phragmites australis and Typha angustifolia have been determined by Nikolić et al. [2003] and Chandra and Yadav [2011] . Higher Zn accumulation in Phragmites australis was previously found in relation to Typha latifolia [Grisey et al., 2012] , which is of importance for selection of more suitable phytoremediators.
Significantly higher Zn concentrations were determined in Phragmites australis at Sinjak locality. Same relations were not confirmed by Typha latifolia and Typha angustifolia, having the lowest Zn accumulations at the same locality. Such variations might be indicated by specific conditions at this habitat. As an active fishpond, Sinjak has specific water regime, water quality, and occasional removal of macrophyte biomass, related to the application of technological measures during its commercial supervision. The circulation of different elements in fishponds can especially be affected by fish food, fish biotic interactions, and fish excrements along with plant decomposition [Van Donk and Otte 1996; Petr 2000; Wetzel 2001 ].
Similar to Zn, the content of Cu during the vegetational period in all three species (Tables 4-6) was the lowest at the end of the season, in September. If these species are to be used as phytoremediation tools, the harvesting of shoots should take place in the middle of the season, when the heavy metals content is high and the biomass quantity comes to its seasonal peak. This is especially important because large amounts of decomposing leaf and stem litter are returned to the aquatic system at the end of the vegetation season, affecting the cycle and transition of heavy metals present in the ecosystem [Unamuno et al., 2007] . Bragato et al. [2009] determined that at the end of the season significantly higher amounts of heavy metals are found in senescing leaves of Phragmites australis, suggesting an adaptation strategy by which plants redistribute toxic heavy metals from all plant parts to used leaves. They determined higher Zn and Cu content only in leaves dry weight, whereas in rhizome and shoot, accumulation levels where similar during the whole season, with small increase in the first two months of growth. Values followed by different letters in a same column were significantly different at p<0.05 Values followed by different letters in a same column were significantly different at p<0.05 Values followed by different letters in a same column were significantly different at p<0.05
One extremely elevated peak of Cu accumulation was determined in Phragmites australis and Typha angustifolia during May and June at localities Sinjak and Matura, as well as in Typha angustifolia in June at locality Matura. Such high concentrations of Cu indicate some additional Cu release to the ecosystem at these localities. As expected in most plant species, determined concentrations of Cu in investigated plants were, in general, lower when compared to Zn. However, available reference data indicate that the degree of Zn uptake can significantly differ from the degree of Cu uptake, resulting in different bioconcentration factors between Phragmites australis, Typha angustifolia and Typha latifolia. Chandra and Yadav [2011] recorded higher Zn than Cu accumulation, in Phragmites australis, Typha angustifolia and Cyperus esculentus, highlighting that Phragmites australis is a Zn shoot accumulator, whereas Typha angustifolia is a Cu root accumulator. Higher accumulation of Zn and Cu in roots than in shoots of Typha latifolia was determined by Ye et al. [1997] and Klink et al. [2013] . In Phragmites karka Uka et al. [2013] also found higher potential in Zn accumulation. Alfadul and Al-Fredan [2013] found that Zn and Cu, among other heavy metals, are accumulated in higher concentrations in shoots than in roots of Phragmites australis, whereas Bonanno and Giudice [2010] determined reversed ratio, where Zn and Cu concentrations were higher in rhizome and roots. These variations in results obtained by different researchers probably exist because of the complexity of the heavy metal uptake process. Bioavailability of heavy metals depends on several parameters of water and sediment quality, especially pH and redox potential [Ye et al., 1997; Sundareshwar et al., 2003] . The uptake and translocation of heavy metals inside the plant can also differ depending on the antagonistic and synergistic reactions between different concentrations of available elements, presence of organic matter and clay fractions and oxygen concentrations. Specific biotic conditions of each site can have significant impact on the availability and uptake capacity of each heavy metal. Since these parameters are rarely balanced in the same way at different localities, it is hard to predict the precise accumulation potential of different plant parts, even in the same species, and all environmental parameters and physiological plant traits must be taken into consideration. CONCLUSION Analysing the accumulation of Zn and Cu in Phragmites australis, Typha latifolia and Typha angustifolia during the season (by observing both individual localities and general average values per each month), higher concentrations were determined during the first part of the vegetational season. These findings indicate that these species had higher metabolic rates, vegetational growth and more optimal conditions in the first part of the season, followed by generally reduced uptake and translocation of nutrients to the rhizome and the beggining of the senescence process in September. Zn accumulation in shoots was higher when compared to Cu accumulation in all three analysed species. Specific increase of Zn content in shoots of Phragmites australis at Sinjak locality indicate that specific conditions of the particular habitat have great influence on accumulation and distribution of Zn in this species. Increased Cu content in both Phragmites australis and Typha latifolia in May and June suggest that aditional release of Cu occured at Sinjak and Matura localities.
